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Use of HC gp-39 in immune diseases 



The invention pertains to a treatment of (auto)immune disease. More specifically 
the invention is directed to employing Human Cartilage gp-39 (HC gp-39) as a 
modulator protein for therapy ^respective of the initial events or causes that led to the 
initiation of the (auto)immune condition. 

The primary functional role of the immune system is to protect the individual 
against invading pathogens bearing foreign, that is non-self, antigens. In order to fulfill 
this function in a safe and effective manner, a mechanism is required to discriminate 
between foreign antigens and autoantigens derived from the individuals own body. 
Failure of this process of self-non-self discrimination, that is loss of immunological 
tolerance to self antigens, may lead to immune reactivity to autoantigens resulting in 
autoimmune disease, involving tissue damage and loss of organ function- 
Autoimmune diseases are considered to be a major problem in human health care. 
Some autoimmune diseases may be the result of an immunological process directed at 
one antigen or antigenic complex whereas in others the autoimmune reaction may 
involve many types of antigens that may be present in multiple organs. Several lines of 
evidence have indicated that the immune system is involved in the pathology of 
autoimmune diseases. First, the chances of individuals to develop an autoimmune 
disease are closely linked to their genetic backgrounds: genes encoding n v 
histocompatibility complex (MHC) class IT molecules that present (auto)antigens to 
responding T cells which recognize MHC-peptide complexes show a strong genetic 
linkage to disease susceptibility. Second, cells of the immune system such as 
monocyte/macrophages and T cells infiltrate target organs. Third, T cells of patients 
with autoimmune diseases proliferate in vitro in response to potentially involved 
autoantigens. Fourth, studies in animal models of autoimmunity have unequivocally 
demonstrated that ceils of the immune system such as monocvne/'maciophagcs and 1 
cells are involved in induction and expression of disease activity. 

The inimimopathology that may occur in case of an autoimmune disease can be 
illustrated by a disease as rheumatoid arthritis (RA). RA presents itself as a chronic 
multisystem disease in which the common clinical manifestation is the persistent 
inflammatory synovitis accompanied by proliferation of synovial cells, pannus 
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formation, cartilage degradation and bone erosion, and ultimately joint deformity 
resulting in loss of fonction. 

Existing therapies for the treatment of autoimmune disorders, such as RA, in which 
the immune system generates an unwanted and undesirable inflammatory response, are 
inadequate. Treatment has focused on relief of symptoms of autoimmune disease rather 
that on its cause. Most drugs used in the treatment of autoimmune diseases, e.g. steroids 
and non-steroidal anti-inflammatory compounds, are nonspecific and have significant 
toxic side effects. This is especially problematic since autoimmune diseases are chronic 
conditions which require the prolonged administration of drugs. 



Antigen-specific, nontoxic immunosuppression therapy provides a very attractive 
alternative for the nonspecific immunosuppression. This antigen-specific therapy 
involves the treatment of patients with the target autoantigen or with synthetic T cell- 
reactive peptides derived from the autoantigen. These synthetic peptides correspond to T 
cell epitopes of the autoantigen and can be used to induce specific T cell tolerance both 
to themselves and to the autoantigen. Although it seems paradoxical to desensitize the 
immune system with the very same antigen responsible for activating the immune 
system, the controlled administration of the target (auto)antigen can be very effective in 
desensitization of the immune system. Desensitization or immunological tolerance of 
the immune system is based on the long-observed phenomenon that animals which have 
been fed or have inhaled an antigen or epitope are less capable of developing a systemic 
immune response towards said antigen or epitope when said antigen or epitope is 
introduced via a systemic route. 

The human cartilage glycoprotein-39 (HC gp-39) was previously identified as a 
target autoantigen in RA (Verheijden GFM et al., 1997, Arthritis Rheum., 40, 1115). 
The autoantigenic nature was demonstrated by selective recognition of DR4 
(DRB 1*0401) binding peptides by peripheral blood T cells from RA patients. 

Using HC gp-39 as the inducing proteiru in Balb/c mice a chronic, relapsing model 
of autoimmune-anliritis was developed. Following sensitization with a single, systemic 
injection with a low dose (|ig range) of HC gp-39 in incomplete Freunds adjuvant (IFA), 
clinical arthritis developed first in the fore paws. At a later stage, a chronic, second 
phase of arthritis occurred Ln the hind paws which waxes and wanes with broad peaks of 
activity and remained present for at least 250 days. Histological evaluation of hind paws 
showed marked infiltrates predominantly around the ankle joint. Safranin O staining 
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revealed depletion of proteoglycans indicating degradation of cartilage. The model was 
shown to be useful in the investigation of tolerance induction with HC gp-39 as a novel, 
specific therapy for KA. In this model, nasal application of ug amounts of HC gp-39 
several days prior to induction prevented the onset of HC gp-39 induced arthritis. The 
5 mechanism behind this is thought to be T-cell mediated since a DTH response to HC gp- 
39 was completely abrogated. Therapeutic use of HC gp-39 was tested by tolerance 
induction after the first phase of arthritis had occurred. The data indicate that nasal 
inhalation of HC gp-39 leads to prevention of a broad peak of arthritis activity in the 
hind paws. Thus, it has been established that HC gp-39 can, in a highly effective 
10 manner, he used to induce autigen-speciflc immunological tolerance (WO 96/13517). 

The main problem in (auto)immune diseases (such as e.g. RA) is that the precise 
targets or antigens that the immune system is adversely reacting to are largely unknown, 
implicating that modulating a disease entity ill art antigen-specific fashion may not be 
!5 possible. 

It would be an important advantage, however, if an antigen-driven, nontoxic form 
of immunomodulation therapy could be utilized without knowledge of the antigen(s) 
that are involved as a target in the (auto)immunc response. Such an antigen-driven 
therapy would involve the generation of antigen-specific modulator cells with the use of 
20 an antigen that is expected to be released or produced during the autoimmune process as 
a result of inflammation or tissue damage, in case of an autoimmune disease, the locally 
produced autoantigen could thvn activate or reactivate modulator cells induced with 
such an antigen. 

Evidence indicates that HC gp-39 is being expressed under numerous inflammatory 
25 (auto)immune conditions including RA f osteoarthritis (OA), alcohol-induced liver 
fibrosis, inflammatory bowel disease (IBD) and systemic lupus erythematosus (SLE). In 
general, HC gp-39 is expected to be expressed in those immune conditions in which 
monocyte to macrophage maturation occurs (Krause SW et al, 1996, J. Leukoc. Biol. , 
60. 540) indict ting thnt potent iaTy in all inflammatory autoimmune disease? HC 
30 can be found. However, expression of HC gp-39 may not be the direct cause of disease, 
but the result of localized inflammation. 

It has now been found that induction of HC gp-39 reactive modulator cells is 
beneficial under those conditions in which unwanted immunological activity results in 
the expression of HC gp-39. Therefore, mucosal administration of HC gp-39 is of 
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benefil in (au ,„),™ rc »ne conditions it, general and can be used ,n the absence of 
^ st of He (antigens ** - ,n initiation of the « 

condition. 

According .0 the present mvention h is surprising* found that HC gp-39 can 
e« module disease activity irrespective of the anti g cn( S ) «- a. -v^ 
C i- »e (au.o)i„nnune response. Thus, i. has been found tha, Che mere presence o 
„C 1 39 » 1 site of inflammation or in lymph nodes draining such a s„e, for usunce 
" ^result of predion during the process of monocyte to 

can in the .ovation of modu,atory T-cells induced w„h the use of HC gp-39, and 
therefore result in downmodulafion of disease activity. 



U has ben demonstrated by Zhang * e, » (»* L — 45, 24S< 
pretteaunent of Lewis rats with couagen type n (CID on days -7, -5 and - before 
S "f — «bi,ed arthrius seventy in an adjuvant antafs model (£ 

r-:-t X- — — 

diseases. 

to contrast to the effect seen with CH HC gp-39 does not do—ate crib*. 

r::r ? 1* - us, 6 . ^--^ 

S^inglv, however, HC gp-39 is highly effective in tfeannen, of Ore au— 
LTd^ inducec with CH when given on days 20, 25 and 30 folding artbnt* 
Therefore, when HC gp-39 was given in , therapeutic application schedtU 
^ highly relevant to the clinica, situation in which patients present « >*> 
n^ oncoing a— ,n= disease, arthritis activity was strongly inhibited Th, 
,1 ,o„ of ac,,v,, y as a of -Pfl-icn ofHC gp-39 w, -*«*r 

L ,b« effect seen with the antigen used in the induction of disease, coHagen type II. 
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, ■ ,H,n Rf po-39 can he used to modulate lymphocytes that are 
According to the invention HL gp-^ uc 

^ 11 a. HP cm 39 but are present in the same tissue as HC gp-3*. 
reactive to antigens other than nl gp--^ oui oi= p 

reacuvc - tniprance autoimmune disorders can be 

By the induction of antigen-specific T-cell tolerance, autoimir 



Printed:01-09-1^K 



V 



23-07-1998. M EP98202471.3 M SPEC 



- 5 - 

treated by bystander suppression. More in general, the cells to be modulated are 
hematopoietic cells. Jn general, in order to function as a tolerogen the protein must 
fulfill at least two conditions i.e. it must possess an immune modulating capacity and it 
must be expressed locally or in lymph nodes draining a local site. 

5 Thus, the present invention provides a method to treat patients suffering from 

inflammatory autoimmune diseases irrespective of the antigen involved as a target in the 
immune response, by administration of a pharmaceutical preparation comprising HC gp- 
39. Such patients may suffer from diseases like Graves' diseases, primary 
glomeailonephritis, osteoarthritis, juvenile arthritis, Sjogren's syndrome, myasthenia 
to gravis, rheumatoid arthritis, Addison's disease, primary biliary sclerosis, uveitis, 
systemic lupus erythematosis, inflammatory bowel disease, multiple sclerosis or 
diabetes. The polypeptide according to the present invention therefore can be used in the 
preparation of a pharmaceutical to induce tolerance in patients suffering from these 
diseases. 

15 Treatment of autoimmune disorders with HC gp-39 makes use of the fact tlr-u 

bystander suppression is induced to unrelated but co-localized antigens. The regulatory 
cells secrete in an antigen speciQc fashion pleiotropic proteins such as cytokines which 
can downmodulate the immune response. 

It will be clear that also fragments of the tolerogen having the relevant antigenic 
20 parts will be sufficient in downregulation of the immune response. Such fragments can 
be identified by the same assay as described in examples 1 and 2. 

"The term "fragment 11 refers to any sequence of amino acids that is part of "* . 
polypeptide defined above, having common elements of origin, structure and 
mechanism of action that are within the scope of the present invention and which are 
25 functionally equivalent to the whole antigen. 

As used herein, "functional equivalent" means a compound having variations of HC 
gp-39 or fragments thereof while still maintaining functional i.e. immunological or 
rolerogenizing characteristics cf the sec jcnce of HC gp-39 or the epitope fragments. 

The variations that can occur in a sequence may be demonstrated by (an) amino 
30 acid difference(s) in the overall sequence or by deletions, substitutions, insertions, 
inversions or additions of (an) amino acid(s) in said sequence. Amino acid substitutions 
that are expected not to essentially alter biological and immunological activities, have 
been described. Amino acid replacements between related amino acids or replacements 
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which have occurred frequently in evolution are, inter alia Ser/Ala, Ser/Gly, Asp/Gly, 
Asp/Asn, Ile/Val (see Dayhof, M.D., Atlas of protein sequence and structure, Nat. 
Biorned. Res. Found., Washington D.C., 1978, vol. 5, suppl. 3). Based on this 
information Lipman and Pearson developed a method for rapid and sensitive protein 
comparison (Science 227, 1435-1441, 1985) and determining the functional similarity 
between homologous polypeptides. 

The preparation of the peptides according to the invention is effected by means of 
one of the known organic chemical methods for peptide synthesis. HC gp-39 and the 
peptides can also be prepared with the aid of recombinant DNA techniques. For this 
purpose, a nucleic acid sequence which codes for HC gp-39 or a peptide according to the 
invention or a multimer of said peptide is inserted into an expression vector. Suitable 
expression vectors are, amongst others, plasmids, cosmids, viruses and YACs (Yeast 
Artificial Chromosomes) which comprise the necessary control regions for replication 
and expression. The expression vector can be brought to expression in a host cell- 
Suitable host cells are, for instance, bacteria, yeast cells and mammalian cells. Such 
techniques are well known in the art (Sambrook et ah, Molecular Cloning: a Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1989). 

The peptides may be stabilised by C- and/or N- terminal modifications, which will 
decrease exopeptidase catalysed hydrolysis. The modifications may include: C-terminal 
acylation, (e.g. acetylation = Ac-peptide), N-terminal amide introduction, (e.g. peptide- 
CONHj) combinations of acylation and amide introduction (e.g. Ac-peptide-CO-NHz) 
and introduction of D-amino acids instead of L-amino acids (Powell et al, J. Pharrn. 
Sci., £1:731-735, 1992). 

Other modifications arc focussed on the prevention of hydrolysis by 
endopeptidases. Examples of these modifications are: introduction of D-amino acids 
instead of L-amino acids, modified amino acids, cyclisation within the peptide, 
introduction of modified peptidt- bonds, e.£. reduced peptide bonds v[CH 3 NH] and e.g. 
peptoids (N-alkylated glycine derivatives) (Adang et al, Reel. Trav. Chim. Pays-Bas, 
LQ:63-78, 1994 and Simon et ai 7 Proc. Natl. Acad. Sci. USA, 52:9367-9371, 1992). 

The controlled administration of HC gp-39 and/or peptides comprising a 
subsequence of HC gp-39 can be effective in modulation of the immune system. 
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According to the invention, patients in which the tissue is under attack of autoresponsive 
T cells can be treated with a pharmaceutical composition comprising HC gp-39, or one 
or more peptides according to the invention and a pharmaceutical acceptable carrier in 
order to generate T cells in these patients that exert e.g. bystander suppression in such a 
way that the inflammatory response is diminished. 



10 



Very suitable peptides to be used in a pharmaceutical composition according to the 
invention are the peptides comprising an amino acid sequence given in SEQ ID NO:l 
(FGRSFTLAS), SEQ ID NO:2 (FTLASSETG), SEQ ID NO:3 (YDDQESVKS), SEQ 
ID NO:4 (FSKIASNTQ), SEQ ID NO:5 (PTFGRSFTL AS SE, SEQ ID NO:6 
(RSFTLASSETGVG), SEQ ID NO:7 (VGYDDQESVKSKV) and SEQ ID NO:8 
(S QRFSKI ASNTQSR ) of WO 96/ 1 3 5 1 7. 
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Proteins related HC gp-39 can similarly be used to develop an autoimmune 
response. Therefore, it is to be expected that these proteins can also be used for 
subsequent tolerization. Suitable proteins to be used as an alternative for HC gp-39 in a 
pharmaceutical composition acccording to the invention are for example pig heparinc 
binding 38kDa protein, bovine 39 kDa whey pTotein, human YKL-39 protein, murine 
breast regressing 39kDa protein (brp39), human oviduct-specific glycoprotein, murine 
oviduct-specific glycoprotein, hamster oviduct-specific glycoprotein, bovine oviduct- 
specific glycoprotein, human chitotriosidase precursor protein and murine secretory 
protein YM- 1 precursor. 



Also very suitable to be used in a pharmaceutical composition according to the 
invention are DNA (exprcssion)vectors comprising DNA which encodes for HC gp-39 
or one or more of the peptides or proteins according to the invention, Upon delivery the 
25 DNA (expression)vector can provide by expression a level of the recombinant HC gp-39 
protein or fragments thereof according to the invention which is similar to the level 
which would be achie\ed by dirtc: administration of a pharmaceutical composition 
comprising the HC gp-39 protein or peptides. 

Tolerance can be attained by administering high or low doses of the tolerogen or 
30 peptides according to the invention. The amount of tolerogen or peptide will depend on 
the route of administration, the time of administration, the age of the patient as well as 
general health conditions and diet. 
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,n «„eral a dosage of 0.01 to ,0000 Pg of peptide - P««™ P« body wetght, 
preferably 0.05 .o 2000 ug, more preferably 0.. .0 100 u g of peptide or protem can be 

used. 

Phamaceutiea. accept earners are well known «, *~ «H«d * .he ar, and 
,„e,I for example, sterile srdine, iactose, sucrose, calcium phospha.e, gelattn, dex™, 
I^el, peal or,. oHve oil, oil -I ware. Oner «*. be, *r 

example MH€ class I, molecules, if desired embedded in liposome,. 

In add„ion the pharoraceuhcal composition according .o .he invention may 
„m rise one or more adjuvants. Suitable adjuvants rnclnde, .mongs, otters, a,_ 
hvlroxide, aluminium phosphate, amph.gen, tocopnenob, monophosphenyl Itptd A. 
hydroxm , ^ rf ad , uvant depends „ a 

murantyl dipeptide and saponin, such as vuu n 
the nature of the adjuvant itself 

Furthermore the pharmaceutical composition according to the invention 
co J "Ine or more stabilize, such as, for examp]e, carbohydrates mcluamg sorbitol 
compose one or mo. albumin or casern, and 

mannitol, starch, sucrosedextnn and glucose, pro,e.ns su 

buffers like alkaline phosphates. 

Suitable administration rou.es are intramuscular tape*-, subcutaneous inject^ 
ravenous tnjectrons or mtraperi.oneal i^econs, oral and — ■ —an- 
Z and intrru^al administration are preferred admin,s«a.,on rout*. Espectally, 
I !r cells sneciflc for the anttgen could be generated by applying the amtgen vra 
~e the nasa, mucosae. Mucosal administration of aniens has 
been shown to induce immunological tolerance to such anugens. 



The present invention demonstrates that HC gp-39 can be used to dowonodulate 
„ JZL disease mduced wrth a non-related antigen, thereby suppornng the concept 
that HC gp-39 induced modulator cells can influence au.ounmune processes. 



The following examples arc i 



ilustrativc for the invention and should in no way be 



interpreted as limiting the scope o f the invention. 
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Legends to the figures 

Figure 1: Effect of nasal application of 30 jag HC gp-39 on onset and 
progression of collagen type II induced arthritis in DBA/1 mice, 

5 a. Effects on a clinical arthritis score in groups of mice 

b. Effects on a clinical arthritis score in individual mice 

c. Inhibition of histological alterations as evidenced by infiltrate score 

d. Inhibition of histological alterations as evidenced by photograph of knee joint 

e. Inhibition of radiologicai damage as evidenced by X-ray imaging 

10 f. Inhibition of radiological damage as evidenced by photographs of ankle-joints 

Figure 2: Effect of nasaj application of 3, 10 or 30 jig HC gp-39 on onset and 
progression of collagen type II induced arthritis in DBA/1 mice. Effects on a clinical 
arthritis score in groups of mice are shown. 

15 Examples 

Example 1: Modulation of collagen- induced arthritis by nasal administration of 30 
HgofHC gp-39 




METHODS 



20 Reagents 

Bovine collagen type II was isolated From articular cartilage of knee joints obtained 
from 1-2 year old calves (Miller EJ, Rhodes RK, In: Colowick SP, Kaplan NO, eds. 
Methods in Enzymology, Vol 82. New York: Academic Press, 1982:33-65). Collagen 

was resolved in 0.05M IlAc (5 mg/ml) and stored at -70°C. HC gp-39 was isolated from 
25 the supernatant of transacted CHC cells. HC gp-39 was purified from the culture 
supernatant by heparin affinity chromatography followed by superdex 75 
chromatography. Purity was checked by SDS-PAGE The control protein ovalbumin 
was from Sigma, St. Louis, USA. 



^rinted:01 -09-1999 



EP98202471 .3 



SPEC 



- 10 - 

Induction and modulation of arthritis 

Male DBA/1 mice were obtained from Bomholtgaard. Mice were immunized (day 
0) with 100 tig hoWne collagen type II in complete Freund's adjuvant (CFA). Mice 
received an intraperitoneal booster injection with 100 ug bovine collagen type II in 
saline. On days 20, 25 and 30 mice were treated via the intranasal pathway with either 
HC gp-39 (n=ll; 30 jig/animal/dose), bovine collagen type II (n=ll; 100 
jag/anirnal/dose), control protein (n=10; ovalbumin; 100 jj.g/animal/dose) or with buffer 
alone (n-10). Nasal tolerance induction was performed under Enilurane anesthesia using 
a PT45 micro conduit and a Hamilton syringe. A control group (n=10) that was not 
treated via the nasal pathway was also included in the experiment. 

Clinical course of arthritis 

Progression of arthritis activity was followed visually over time (days 23, 25, 27, 
29, 31 and 34 following arthritis induction) and a score for severity of the disease was 
given (macroscopic score based on redness and'or swelling in digits and/or paws). At 
later time points ankylosis was also included in this scoring system. Clinical severity of 
arthritis was graded on a scale of 0 to 2 for each paw according to the presentation of 
redness and/or swelling: score 0; no changes; score 0.5: significant changes; score L0: 
moderate changes; score 1.5* marked changes; score 2.0: severe arthritis accompanied 
by maximal swelling and redness and later on ankylosis. A further refinement of this 
score (0.25 increments in the scoring system) has been implemented. 

Histopathology 

Knee joints were evaluated for the presence of histopathological abnormalities. 
Joints were removed in toto and fixed for 4 days in 4% formalin. After decalcification in 
5% formic acid the specimens were processed for paraffin embedding. Tissue sections 
(7 jam) were stained with haematoxylin and eosin (HE) in order to detect inflammatory 
change? or with Safranin O to detect proteoglycan depletion indicative of cartilage 
breakdown. Histopathological changes were scored according to the following 
parameters. Infiltration of cells, on a scale of 0 to 3, was assessed based on the amount 
of inflammatory cells in the synovial cavity and the synovial tissues. Proteoglycan 
depletion was determined usiny Safranin O staining, and loss of proteoglycans was 
scored on a scale of 0 to 3, ranging from fully stained cartilage to destained cartilage or 
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25 



complete loss of articular cartilage. A further score for the progressive loss of articular 
cartilage, a characteristic parameter of collagen type II induced arthritis, is based on 
cartilage destruction. This destruction was graded on a scale of 0 to 3. ranging from the 
appearance of dead chondrocytes (empty lacunae) to complete loss of articular cartilage. 
Histopathological changes in the knee joints were scored in the patella/femur region on 
five semi-serial sections of the joint. For the ankle joint, the calcaneus region was 
scored. 



Radiology 

Radiography (X-ray imaging) was performed on hind paws of individual mice at the 
end of the experiment (day 34). Radiographs were scored with the use of a 
stereomicroscope under low magnification. A score of 0 to 5 was given to each paw 
according to the following guidelines: score 0: no changes; score 1: minor changes; 
score 2: moderate changes; score 3: marked changes; score 4: severe changes; score 5: 
complete destruction reflecting the severe arthritis that was externally visible in A 
number of animals. 



RESULTS 

Immunomodulatory activity of HC gp-39: clinical effects 

DBA/1 mice immunized with collagen type II developed collagen-induced arthritis 
as planned and expected. Mice treated with the antigen used to induce disease, *a? 
collagen type II, showed a trend towards milder disease activity in the earlier phase ol 
the treatment. Mice treated with HC gp-39 were strongly inhibited in their expression of 
clinical disease activity (Figure 1A). Inhibition of clinical severity of arthritis was first 
detectable at day 25 of the experiment and lasted until day 34, at the end of the 
experiment. Only four of the eleven animals heated with HC gp-39 developed an 
arthritis that was moderate or severe, seven of the eleven mice were more or less 
protected (I : :gure IB). Mice treated v.-u.i ovalbumin or buffet showed clinical arthritic 
that was comparable with the clinical arthritis seen in control mice (Figures 1A and IB). 
30 Thus, the experiment demonstrates that treatment with HC gp-39 can trigger modulatory 
or regulatory mechanisms that interfere with the induction of arthritis with the use of a 
non-related antigen, that is collagen type II. Therefore it can be concluded that 
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(auto)immune conditions in which the inciting antigen(s) is not know may benefit from 
therapeutic application of HC gp-39. 



Histological and radiological evaluation 

5 Histological examination of knee joints revealed that inflammatory activity was 

strongly reduced in HC gp-39 treated animals (Figures 1C and ID). Proteoglycan 
depiction, as evidenced by a reduction in staining with Safranin O, was strongly 
inhibited in HC gp-39 treated animals, as was the breakdown of articular cartilage 
(Figures 1C and ID). Examination of radiographs revealed inhibition of cartilage 

10 breakdown and bone erosion in those animals that were succesfully treated with HC gp- 
39 (Figures IE and IF). It is concluded that the therapeutic application of HC gp-39 not 
only modifies the clinical partem of disease expression but also prevents ongoing 
histologically and radiographically detectable alterations thai reflect inflammatory and 
erosive processes that lead to joint destruction and loss of function. Thus, treatment with 

15 HC gp-39 actually alters the course of the disease. 

Example 2: Modulation of collagen-induced arthritis by nasal administration of 3, 
10 or 30 ug of HC gp-39 

METHODS 
20 Reagents 

Bovine collagen type II was isolated from articular cartilage of knee joints obtained 
from 1-2 year old calves (Miller EJ, Rhodes RK. In: Colowick SP, Kaplan NO, eds. 
Methods in Enzymology, Vol 82. New York: Academic Press, 1982:33-65). Collagen 
was resolved in 0.05M HAc (5 rag/ml) and stored at -70°C HC gp-39 was isolated from 
25 the supernatant of transfected CHO cells. HC gp-39 was purified from the culture 
supernatant by heparin affinity chromatography followed by superdcx 75 
chromatography. Purity was checked by SDS-PAGE. The control protein ovalbumin 
was from Sigma. St. Louis, USA 



30 Induction and modulation of arthritis 

Male DBA/1 mice were obtained from Bomholtgaard. Mice were immunized (day 
0) with 100 ug bovine collagen type II in complete Freund's adjuvant (CFA). Mice 
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Teceived an intraperitoneal booster injection with 100 bovine collagen type II in 
saline. On days 20, 25 and 30 mice were treated via the Intranasal pathway with either 3 
pg/animal/dose, 10 pg/animal7dose or 30 ng/animal/dose of HC gp-39 (n=10 per group), 
bovine collagen type II (n~I0; 100 ug-'aaimal/dose) or control protein (n=10; 
ovalbumin; 100 ug'anLmal/do.se). Nasal tolerance induction was performed under 
Enflurane anesthesia using a PT45 micro conduit and a Hamilton synnge. 



Clinical course of arthritis 

Progression of arthritis activity was followed visually over time (days 23, 25, 26, 28 
and 30 following arthritis induction) and a score for severity of the disease was given 
(macroscopic score based on redness and/or swelling in digits and/or paws). At later 
time points ankylosis was also included in this scoring system. Clinical severity of 
arthritis was graded on a scale of 0 to 2 for each paw according to the presentation of 
redness and/or swelling: score 0: no changes; score 0.5: significant changes; score 1.0: 
15 moderate changes; score 1.5: marked changes; score 2.0: severe arthritis accompanies 
by maximal swelling and redness and later on ankylosis A further refinement of this 
score (0,25 increments in the scoring system) has been implemented. 



RESULTS 

Immunomodulatory activity of various doses of HC gp-39: clinical effects 

DBA/1 mice immunized with collagen type II developed collagen-induced art>- :<?: 
as planned and expected. Mice treated with the antigen used to induce disease, that is 
collagen type II. again showed a trend towards milder disease activity in the earlier 
phase of the treatment. Importantly, mice treated with 30 ng of HC gp-39 were strongly 
inhibited in their expression of clinical disease activity (Figure 2). Mice that had been 
treated with 3 or 10 pg of HC gp-39 also showed inhibition in their expression of 
clinical disease, although to a lessor extent. Inhibition of clinical severity of arthritis is 
further detailed by data of hind paws of individual mice experiencing arthritis on 
evaluation days 23, 25 and 30, again demonstrating clinical effectivity of treatment with 
30 HC gp-39, most effectively at the 30 j.ig/aniinal dose. Therefore, the experiment 
demonstrates that treatment with 1IC gp-39, especially with 30 jig/'animal/dose, can 
trigger modulatory or regulatory mechanisms that interfere with the induction of arthritis 
with the use of a non-related antigen, that is collagen type IT. Thus, it can be concluded 



25 
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that (auto)immune conditions in which the inciting antigen(s) is not known may benefit 
from therapeutic application of HC gp-39. 

Example 3: HC gp-39 responses in RA patients 

METHODS 

Patients and reagents 

Patients were diagnosed as suffering from RA according to the American 
Rheumatism Association (ARA) criteria (Arnett et al., Arthritis Rheum 31:315, 1988). 
Severity of disease of these patients was ranged from stage 0 - IV as determined by X- 
ray score. HC gp-39 was purified from culture supernatant by affinity chromatography 
followed by superdex 75 chromatography. Purity was checked on SDS-PAGE. Candida 
albicans was obtained from Hal allergenen lab. 

Proliferation assay 

Peripheral blood mononuclear cells (PBMC) were collected from heparinized 
venous peripheral blood by standard centrifiigation on a Ficoll-Paque gradient. The 
assay used to determine proliferative responses to HC gp-39 is a modification of an 
assay that had been described in the literature (Salvat et al., J Immunol 153:5321, 1994). 
In brief, PBMC obtained as described above were suspended in wells of a 24 well plate 
in a concentration of 5 x 10 5 cells per ml. Cells were incubated in medium alone or in 
the presence of antigen (HC gp-39 was tested in a dose range of 2, 10, 25 and 50 pg/ml; 
Candida albicans, a control antigen, was tested at 1 and 10 jig/ml). Spontaneous 
proliferation or background proliferation was assayed in three different background 

wells. Cultures were incubated for 6 days at 37°C in a humidified atmosphere of 5% 
CO2- Cells were then suspended and 200 or 150 jxl volumes of medium were distributed 
in 4 or 5 fold in wells of a 96-well round-bottomed plate. Cultures were pulsed with 0.5 
fiCi (1.85 >: 3 0" Bq) f^Hjthymicins f ! : 'H]TdR) for the test 18 hr of culture. Cells were 
harvested on glassfibre filters and [ 3 H]TdR incorporation was measured by 
gasscintillation. Note that counting by gasscintillation is fivefold less efficient compared 
to liquid scintillation. Filters were measured for 5 min (Packard Matrix 96 (5-counter; 
Meriden, CT). 
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RESULTS 

Responses of RA patients to HC gp-39 

It was tested whether PBMC obtained from patients with RA (n=10) proliferated to 
HC gp-39. In order to establish the quality of the PBMC preparations under study, in a 
5 number of cases Candida albicans was used as a positive control antigen. Six out often 
patients could be classified as being a HC gp-39 responder (SI > 10); four out of ten 
patients did not respond to HC gp-39 (SI < 10) (Tabic 1). Both responders (R) and non- 
responders (NR) were found in various stages of the disease, either having active or non- 
active disease at the time of blood sampling. Thus, RA patients can be classified into 




io individuals responding to HC gp-39 and individuals not responding to HC gp-39 with 
the use of a routine proliferation assay. 



Table 1 : HC gp-39 reactivity in RA patients 



t 



Patient 


disease stage 


I3G 


HC gp-39 Oig/m!) 




Candida (jig/ml) 




ID 






(2) 


(10) 


(25) 


(50) 


(1) 


(10) 


R/NR 


246-0.2 


Ilact 


166 


2.7 


36 


61 


64 


nd 


nd 


R 


308-0.1 


Illact 


200 


1.3 


58 


27 


12 


nd 


nd 


R 


403-3 


IHact 


193 


1.2 


95 


55 


59 


nd 


nd 


R 


406-0.1 


Ilact 


339 


2.4 


1.4 


2.3 


nd 


147 


126 


NR 


407-0 


11 


120 


20 


112 


139 


100 


nd 


nd 


F 


421-0 


Oact 


440 


2.6 


3.5 


46 


69 


nd 


nd 


R 


438-0.2 


IV 


212 


0.8 


1 


0.8 


0.7 


20 


160 


NR 


464-0 


Oact 


144 


0.9 


167 


228 


184 


89 


21 


R 


470-0.1 


Oact 


113 


1.4 


11 


2.5 


nd 


368 


350 


NR 




Illaci 


341 




4.2 




nd 


70 


55 


NR 



Disease stage is defined by Sreinbrocker criteria, act — active disease if 1 or more joints 
15 are inflamed. BG is background counts per 5 minutes. Responses to HC gp-39 are given 
as SI values. SI values > 5 are considered positive and are indicated in bold. R = 
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responder. XR = non responder. As a control, the response to Candida albicans was 
determined in order to establish the quality of the PBMC used, nd =not determined 
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SEQUENCE LISTING 



10 



15 



20 



25 



30 



40 



(1) GENERAL INFORMATION: 

(i) APPLICANT : 

(A) NAME: AKZO NOBEL N-V. 

(3) STREET: Velperweg 76 

(C) CITY: Arnhem 

(E) COUNTRY: The Netherlands 

(F) POSTAL CODE (ZIP) : 6824 BM 

(G) TELEPHONE: 0412-666376 

(H) TELEFAX: 0412-650592 

(I) TELEX: 3 75 03 akpha nl 

(ii) TITLE OF INVENTION: Use of HC gp-3 9 in immune 
diseases 

(iii) NUMBER OF SEQUENCES: 8 

<iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS/ MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 
#1.25 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
35 (D) TOPOLOGY : linear 

(ii} MOLECULE TYPE: peptide 



fxi) SEQUENCE DESCRIPTION: S3Q ID NO: 1: 

Phe Gly Arg Ser Phe Thr Leu Ala Ser 
1 5 



45 
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(2) INFORMATION FOR SEQ ID NO: 2: 



(A) LENGTH: 9 amino acids 

(B) TYPE: amine acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

15 Fhe Thr Leu Ala Ser Ser Glu Thr Gly 

1 E> 

(2) INFORMATION FOR SEQ ID NO: 3: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

25 

(ii) MOLECULE TYPE: peptide 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

Tyr Asp Asp Gin G] u Ser Val Lys Ser 
1 5 

35 (2) INFORMATION FOR SFQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: air.ino acid 

40 [C) STRANDZLNESS : single 

(D) TOFOLCGY: linear 

(ii) MOLECULE TYPE: peptide 

45 
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10 



15 



20 



25 



30 



35 



40 



45 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Phe Ser Lys lie Ala Ser Asn Thr Gin 
1 5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Pro Thr Phe Gly Arg Ser Phe Thr Leu Ala Ser Ser Glu 
15 10 

(2) INFORMATION FOR SEQ ID NO : 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO ; 6: 

A-a Ser Phe Thr Leu Ala Ser Ser Glu Thr Gly Val Gly 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 7: 

!i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7: 

5 

Vai Gly Tyr Asp Asp Gin Glu Ser Val Lys Ser Lys Val 
1 5 10 

(2) INFORMATION FOR SEQ ID NO : 8: 

10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 



20 

(xi) SEQUENCE DESCRIPTION ; SEQ ID NO: 8: 

Ser Gin Arg Phe Ser Lys lie Ala Ser Asn Thr Gin Ser Arg 
1 5 10 

25 



i 

i 
I 
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Claims 

1. Use of HC gp-39 for the manufacture of a pharmaceutical preparation for 

modulation of the reactivity of lymphocytes, said lymphocytes being reactive to 
antigens other than HC gp-39, said antigens being present in the same tissue as 
HC gp-39 so as to prevent inflammatory diseases. 
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Abstract 

The present invention relates to the use of HC gp-39 to prevent inflammatory 
diseases. More specifically, HC gp-39 cr fragments thereof can be used to modulate the 
reactivity of lymphocytes which are reactive to antigens other than HC gp-39 but which 
5 are present in the same tissue as where HC gp-39 is being expressed. 
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Figure 1B 
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Figure 1C 



infiltrate score / ankle joint 
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Figure IE 



x-ray score / ankle joint 



-I — 



"T 



"I 



CO 

T3 
t 

CO 
CO 



o 
o 



O 



• 



O 



<4 



<4 



09 



* 



* 
* 



* 



CD 

O 



a rinted:01-09-1999 



